We calculate the decay constant of D s and D *
Introduction
Measuring purely leptonic decays of heavy mesons provides the cleanest way to determine the weak decay constants of heavy mesons, which connect the measured quantities, such as the BB mixing ratio, to CKM matrix elements V cb , V ub . However, at present it is not possible to determine f B , f Bs f Ds and f D * s experimentally from leptonic B and D s decays. For instance, the decay rate for D + s is given by [1] Γ(D 
Because of helicity suppression, the electron mode D + s → e + ν has a very small rate. The relative widths are 10 : 1 : 2 × 10 −5 for τ + ν, µ + ν and e + ν final states, respectively. Unfortunately the mode with the largest branching fraction, τ + ν, has at least two neutrinos in the final state and is difficult to detect experimentally. So, theoretical calculations for decay constant have to be used. The factorization ansatz for nonleptonic decay modes provides us a good approximate method to obtain nonperturbative quantities, i.e., form factors and decay constants which are hardly accessible in any other way [2, 3] .
There are many ways that the quarks produced in a nonleptonic weak decay can arrange themselves into hadrons. The final state is linked to the initial state by complicated trees of gluon and quark interactions, pair production, and loops. These make the theoretical description of nonleptonic decays difficult. However, since the products of a B meson decay are quite energetic, it is possible that the complicated QCD interactions are less important and that the two quark pairs of the currents in the weak Hamiltonian, group individually into the final state mesons without further exchanges of gluons. The color-transparency argument suggests that a quark-antiquark pair remains a state of small size with a correspondingly small chromomagnetic moment until it is far from the other decay products.
Color transparency is the basis for the factorization hypothesis, in which amplitudes factorize into products of two current matrix elements. This ansatz is widely used in heavy quark physics, as it is almost the only way to treat hadronic decays.
In this paper we consider a way to determine weak decay constants 
Semileptonic DecayB
From Lorentz invariance one finds the decomposition of the hadronic matrix element in terms of hadronic form factors:
where J µ =cγ µ b and q µ = (p B − p D ) µ . In the rest frame of the decay products, F 1 (q 2 ) and F 0 (q 2 ) correspond to 1 − and 0 + exchanges, respectively. At q 2 = 0 we have the constraint
since the hadronic matrix element in (2) is nonsingular at this kinematic point.
The q 2 distribution in the semileptonic decayB 0 → D + l −ν is written in terms of the hadronic form factor
where the q 2 dependent momentum K(q 2 ) is given by
In the zero lepton-mass limit, 0 ≤ q
For the q 2 dependence of the form factors, Wirbel et al. [8] assumed a simple pole formula for both F 1 (q 2 ) and F 0 (q 2 ) (we designate this scenario 'pole/pole'):
with the pole masses
Korner and Schuler [9] have also adopted the same q 2 dependence of F 1 (q 2 ) and F 0 (q 2 ) given by (6) and (7). On the other hand, the heavy quark effective theory (HQET) gives in the m b,c → ∞ limit the relation between F 1 (q 2 ) and F 0 (q 2 ) given by [11, 12] 
The combination of (6) and (8) suggests that F 0 (q 2 ) is approximately constant when we keep the simple pole dependence for F 1 (q 2 ). Therefore, in this paper, as well as the above 'pole/pole' form factors, we will also consider the following ones (designated 'pole/const.'):
with m F 1 = 6.34 GeV.
By introducing the variable x ≡ q 2 /m 2 B , which has the range of 0
2 in the zero lepton mass limit, (4) is written as
.
Then the branching ratio B(B
where the dimensionless integral I is given by
In obtaining the numerical values in (12) and (13), we have used the following experimetal results [33] :
GeV (τ B 0 = (1.56 ± 0.06) × 10 −12 s), and G F = 1.166 39(2) × 10
is obtained experimentally [13] , the value of |V cb F BD 1 (0)| can be extracted from (12) . Following this procedure, we obtain
In the calculations that follow, we will use |V cb F 
Test of Factorization withB
, and Prediction
We start by recalling the relevant effective weak Hamiltonian:
where G F is the Fermi coupling constant, V cb and V ud are corresponding Cabibbo-KobayashiMaskawa (CKM) matrix elements and Γ ρ = γ ρ (1 − γ 5 ). The Wilson coefficients C 1 (µ) and C 2 (µ) incorporate the short-distance effects arising from the scaling of
. By using the Fierz transformation under which V − A currents remain V − A currents, we get the following equivalent forms:
where N c = 3 is the number of colors and T a s are SU(3) color generators. The second terms in (17) involve color-octet currents. In the factorization assumption, these terms are neglected and H eff is rewritten in terms of "factorized hadron operators" [8, 10] :
where the subscript H stands for hadronic implying that the Dirac bilinears inside the brackets be treated as interpolating fields for the mesons and no further Fierz-reordering need be done.
The phenomenological parameters a 1 and a 2 are related to C 1 and C 2 by
From the analyses of A.J. Buras [14] , the parameters a 1 and a 2 are determined in the Nextto-Leading-Order (NLO) calculation in the Naive Dimensional Regularization (NDR) scheme as
For the two body decay, in the rest frame of initial meson the differential decay rate is given
where M is the mass of initial meson, and m 1 (m 2 ) and p 1 are the mass and momentum of one of final mesons. By using (2), (18) and (21) gives the following formula for the branching ratio ofB
In obtaining the numerical values in (23), we have used m ρ = m ρ + = 766.9 MeV,
MeV, V ud = 0.9751 [33] , and the parameters given below (13) .
For a 1 we use the value given in (20) . Then, by using the formula (23) with the values of (14), we obtain the branching ratio B(
presented in Table 3 .
For the processB
where we have used m K * = m K * − = 891.59 MeV, f K * = f K * − = 218 MeV, and V us = 0.2215 [33] . By using (23) with (14), we obtain the branching ratio B(
presented in Table 1 .
By using (2), (18) and < 0|Γ µ |π(q) >= iq µ f π , (21) gives the following formula for the branching ratio for the processB
where we have used m π = m π − = 139.57 MeV and f π = f π − = 131.74 MeV [33] . By using the formula (25) with the values of (14), we obtain the branching ratio forB Table 1 .
where we have used m K = m K − = 493.68 MeV, f K = f K + = 160.6MeV [33] . By using (23) with (14), we obtain the branching ratio B(B 0 → D + K − ) presented in Table 1 .
An inspection of Table 1 shows that the factorization method works well inB
We predict branching ratios :
which is certainly reachable in near future. 
For the processB 0 → D + D − s , by using < 0|Γ µ |D s (q) >= iq µ f Ds , we have
where we used m Ds = m D − s = 1968.5 MeV [33] . From (30) we get
Browder et al. [15] present the following experimental results for the branching ratios:
where we have combined the statistical and systematic errors. By using (32) and the values Table 2 , from (31) and (29) we obtain the the following results:
f Ds = 196 ± 41 MeV for (pole/pole),
The ratio of the vector and pseudoscalar decay constants f D * s /f Ds is given by The effective Hamiltonian for △B = 1 transitions is given by 
and the QCD penguin operators O 3 − O 6 are
In (36) 
The effective Hamiltonian in (36) for the decaysB
can be rewritten as
where C 
with
where q denotes the momentum of the virtual gluons appearing in the QCD time-like matrix elements, and N c is the number of colors. Assuming q 2 = m 2 b /2, we obtain the analytic formular for G(m q , q 2 , µ) : Table 2 .
> is given as follows:
where
On the other hand, we have
We can estimate the penguin contributions for each process from (44) and (46) as follows : 
From (34), (44) 
The decay constant depends the q 2 behaviour of the form factor F 0 (q 2 ). However the amount of change is less than 10% as shown in (50). This shows that the decay constant is not strongly dependent on the behaviour of the form factor. As shown in f D *
